An efficient analytical method for the preconcentration and determination of phosphate in water samples at trace levels was proposed. The method was based on sample enrichment using dispersive solid-phase extraction (dSPE) with tetraethylenepentamine (TEPA)-functionalized nano-size composite materials (TEPA-NCMs) as sorbents, which were fully characterized. Various parameters affecting the extraction efficiency were systematically investigated. After extraction, the post-adsorbed TEPA-NCMs were eluted by a NaOH solution for desorption of the phosphate. The resulting eluate containing phosphate was determined by a spectrophotometric method. The limit of detection (LOD) and the limit of quantification (LOQ) were 0.29 and 0.96 μg L -1 , respectively. The relative standard deviations (RSDs) were lower than 8.0% with average recoveries ranging from 91 to 118%. The present method was successfully applied to the determination of phosphate at trace levels in real water samples, and it was confirmed that the TEPA-NCMs are highly effective dSPE materials.
Introduction
Phosphorus-containing compounds acting as nutrients for plants and algae are basic materials in several natural and synthetic fertilizers, aquaculture, detergent manufacturing, as well as mineral processing industries.
However, the excessive discharging of phosphorus from wastewater into the environment causes eutrophication, which is characterized by the blooming of algal, which leads to low O2 levels and decreased aquatic biodiversity. 1, 2 It is well known that trace amounts of phosphorus in water can lead to eutrophication problems. 3 The phosphate concentration is regulated, and the maximum permissible is limited to 10 μg L -1 to escape eutrophication problems. 4 ,5 Today, various analytical methods are available for the determination of phosphate, such as spectrophotometry, [6] [7] [8] ion chromatography, 9,10 electrochemisty 11 and capillary electrophoresis. 12 Among these methods, the phosphomolybdenum blue spectrophotometric method is usually employed by analysts, since it is sample and easy to perform. However, its limit of detection (LOD) is at 50 μg L -1 . 13 Therefore, the determination of phosphate at trace levels requires an effective sample preconcentration procedure prior to instrumental analysis.
Most preconcentration methods normally involve one or a combination of some of the following methods: dispersive liquid-liquid extraction (DLLE), 14 liquid-liquid extraction (LLE), 15 hollow fiber membrance (HFM) combined with protected liquid-phase microextraction (LPME), 16, 17 solid phase extraction (SPE), 16, 18, 19 and dispersive solid phase extraction (dSPE). 20 Dispersive solid-phase extraction was recently proposed in 2003 by Anastassiades as a very efficient procedure to increase the selectivity and precision of the analytical processes. 21 Extraction is not carried out in the column, but in the bulk solution, by adding certain amounts of sorbents. The target analytes can be eluted, desorbed or monitored by spectroscopic or chromatographic techniques. 22, 23 Recently, nano-size materials with large surface areas and desirable surface functional groups are increasingly used as adsorbents in analytical laboratories. 24 Among them, an epoxy-group carrying copolymers based on glycidylmethacrylate exhibited some significant advantages in adsorption. 25 The resultant polymers showed a hydrophilic character for the ring-opening reaction, generating a hydroxyl group, and had a favorable adsorption capacity for its functional groups combining with the target analytes. In our previous work, amino-functionalized nano-size composite materials (TEPA-NCMs) were synthesized and confirmed to be highly effective dSPE materials for removing pesticides, due to strong affinity to these compounds. 26 However, fewer researches have conducted phosphate preconcentration and determination combined with dSPE. The TEPA-NCMs, with amino groups, were expected to have larger adsorption amounts for phosphate, resulting in a short sample preparation time and an easy cleanup/enrichment procedure. The objectives of this study were to characterize its ability to remove phosphate, and to develop an efficient analytical method for the determination of phosphate in real water samples by TEPA-NCMs dSPE coupled with the spectrophotometric method.
(TEPA) and potassium dihydrogen orthophosphate (KH2PO4) were purchased from Tianjin Bodi Chemical Co., Ltd. Ammonium heptamolybdate tetrahydrate ((NH4)6Mo7O24·4H2O), potassium antimonyl tartrate trihydrate (C8H4K2O12Sb2·3H2O) and tin dichloride (SnCl2·2H2O) were purchased from Aladdin Chemistry Co., Ltd. Phosphate certified reference materials (GBW08623) were purchased from the National Research Center for Chinese Reference Materials (Beijing, China). All reagents were of analytical grade; 0.5 mol L -1 HNO3 and 0.5 mol L -1 NaOH solutions were used for pH adjustment. Distilled water was used to prepare all solutions.
Synthesis of TEPA-NCMs
TEPA-NCMs were prepared by copolymerization of methylmethacrylate (MMA) and glycidylmethacrylate (GMA) to obtain epoxyl-functionalized polymer co-poly (MMA-GMA). Then, the epoxyl of co-poly (MMA-GMA) was modified by an amino-functional group of TEPA via a ring-opening reaction to obtain the TEPA-NCMs adsorbent. The detailed procedure was described in our previous work. 26 
Characterization of TEPA-NCMs
The analysis of thermogravimetry and differential thermogravimetry (TG-DTG) was performed on a TG 209F1 instrument from 25 to 950 C with a heating rate of 20 C min -1 in a nitrogen atmosphere at a flow rate of 20 mL min -1 . FTIR spectra were recorded on a FTIR spectrometer (Thermo Nicolet (NEXUS-470)). The absorbance of phosphate was determined by a 722-visible spectrophotometer (Yoke) at a wavelength of 690 nm.
General procedure
The effects of different parameters on the extraction performance were investigated, i.e., the pH value of the solution, the adsorption amounts, the adsorption time, and the concentration of the desorbing agent. These processes were carried out through a one-at-a-time discipline by varying one parameter while the others were kept constant.
A stock solution of phosphate was prepared by dissolving potassium dihydrogen orthophosphate (KH2PO4) in ultrapure water. Each solution was obtained by appropriate dilution. The contents in the flask were shaken in a thermostated orbital shaker operated at 160 rpm. The concentration of phosphate was analyzed spectrophotometrically by the molybdenum blue method of National Standard of China (GB/T 6913-2008) 13 after a minor modification, as described as follows. A certain volume of phosphate solution was accurately measured into a 5.00-mL volumetric flask, followed by adding 0.2 mL 26 g L -1 (NH4)6Mo7O24 and 50 μL 50 g L -1
SnCl2-HCl solutions, respectively. The resulting mixture solution was diluted to 5.00 mL by distilled water, and kept in the dark for 10 min at room temperature. The absorbance of the solution was determined using a visible spectrophotometer at 690 nm with the solution being free from phosphate ions used as a sample blank.
The adsorption of phosphate from aqueous solutions by TEPA-NCMs was studied as follows. To investigate the effect of the pH value of solutions on adsorption, 40 mL of 20, 50, 200 mg L -1 phosphate solutions with the pH ranging from 1.5 to 7.0 were mixed with 0.05 g TEPA-NCMs for 3 h. The adsorption amounts were measured at pH 2.5, with 0.05 g TEPA-NCMs by varying the initial phosphate concentrations from 50 to 800 mg L -1 at 308 K for 3 h. Adsorption kinetic studies were investigated at pH 2.5, by adding 0.05 g TEPA-NCMs into 40 mL 100, 200, 300, 500 mg L -1 phosphate solutions at 308 K with the contacting time ranging from 1 to 180 min. Desorption experiments were carried out by using NaOH solutions as desorbing agents with the concentration ranging from 0.02 to 0.5 mol L -1 ; 10 mL of a NaOH solution was added into 0.05 g post-adsorbed TEPA-NCMs and ultrasonicated for 2 min. The resulting supernate was decanted to a centrifuge tube, and then centrifuged at 4000 rpm for 1 min. The supernatant containing phosphate could be measured by the spectrophotometric method.
The dSPE procedures were carried as follows: 100 mL of water with pH at 2.5 was taken in a capped glass bottle, and 0.1 g of TEPA-NCMs was added. The bottles were shaken at 308 K for 30 min in a rotary shaker. After that, the solution was centrifuged at 4000 rpm for 1 min. The supernatants were decanted. The residues were washed with ultrapure water, and then soaked in 10 mL of 0.1 mol L -1 NaOH solutions under ultrasonication for 2 min. The resulting supernate was decanted to a centrifuge tube and then centrifuged at 4000 rpm for 1 min. The supernatant containing phosphate could be measured by the above-mentioned molybdenum blue spectrophotometric method. The experiments were repeated three times, and the results were reported as the mean value of these experiments.
Theoretical treatment
The adsorption amount of phosphate at equilibrium for TEPA-NCMs, qe (mg g -1 ), can be calculated 27 by
where C0 and Ce are the initial and equilibrium concentrations of phosphate, respectively. V is the solution volume (L) and m the adsorbent weight (g). The Langmuir adsorption model, as shown in Eq. (2), was used for analyzing experimental adsorption data, which indicated how the adsorption molecules distributed between the liquid phase and the solid phase when the adsorption process reached an equilibrium state, 
Here, qe is the adsorption amount at equilibrium (mg g -1 ); qm and K are the Langmuir constants, which are related to the maximum adsorption amount and apparent heat change, respectively. The adsorption kinetic data was analyzed by using pseudo-first-order and pseudo-second-order kinetic models, which are expressed as Eqs. (3) and (4) 
Here, qt is the amount of adsorption (mg g -1
) at any time t (min), qe the adsorption amount at equilibrium (mg g -1 ), k1 the rate constant of first-order at equilibrium (min -1 ) and k2 the rate constant of second-order at equilibrium (g mg min -1 ). The limit of detection (LOD) and the limit of quantification (LOQ) were expressed as follows:
where CDL is the limit of detection (LOD), CQL the limit of quantification (LOQ), SB the standard deviation of the blank and k the slope of the calibration graph.
Results and Discussion

IR spectra and TG/DTG studies
The IR spectra of TEPA-NCMs before (a) and after the adsorption of phosphate (b) are shown in Fig. 1 . In Fig. 1(a) , the broad peaks appear at ~3360 and ~1578 cm -1 can be assigned to be the stretching and bending vibrations of the -NH and -NH2 groups. However, after adsorption, Fig. 1(b) , the characteristic bands at ~1578 cm -1 , assigned to N-H groups, disappeared along with the appearance of bands at ~1630 cm -1 , which may be attributed to the interaction between amino groups and the phosphate groups, subsequently weakened the N-H bonding, which resulted in a large shift (~80 cm -1 ). The characteristic peaks of the phosphate groups at 521 cm -1 are also observed in Fig. 1(b) , corresponding to the -P-O and -O-P-O groups, respectively. 31 This indicated that the phosphate groups successfully adsorbed onto the TEPA-NCMs.
The TG/DTG curves of TEPA-NCMs (a) and TEPA-NCMs after the adsorption of phosphate (b) are illustrated in Fig. 2 . As shown in Fig. 2(a) , the weight-loss stage at ~70 C would be attributed to the desorption of adsorbed water. 32 The two weak weight-loss peaks at 237 and 338 C might be attributed to the desorption of amine (-NH2) and imine (-NH-) groups on TEPA-NCMs, respectively. The weight-loss at 432 C could be attributed to the decomposition of polymer. 33 Comparing with Fig. 2(a) , it can be observed in Fig. 2(b) that a new sharp peak at 266 C would be attributed to the desorption of amine functional groups with the adsorbing phosphate. The third weight-loss peak, which could have resulted from polymer decomposition, shifted from 432 to 407 C.
Effect of pH
The effect of the pH, ranging from 1.5 to 7.0, on the adsorption of phosphate at various concentrations (20, 50 , 200 mg L -1 ) was investigated. The result is shown in Fig. 3 . It can be seen that the pH value of the solution had a significant impact on the adsorption properties of TEPA-NCMs to phosphate. The higher was the initial concentration of phosphate, the more significantly was the effect of the pH. When C0 was at 200 mg L -1 , the adsorption amounts increased sharply (from 4.77 to 113.5 mg g -1 ), with the pH increased from 1.5 to 2.5; when C0 was at 20 and 50 mg L -1 , the adsorption amounts increased from 1.41 to 16.1 mg g -1 and 1.0 to 39.1 mg g -1 , respectively. The adsorption amounts at any C0 value reached the maximum at a pH of 2.5, and thereafter gradually decreased (from 16.1 to 13.4, 39.1 to 27.6, and 113.5 to 58.9 mg g -1 for C0 at 20, 50, and 200 mg L -1 , respectively). The pH dependency might be, on one hand, related to the intrinsic structure property of the TEPA-NCMs, itself, i.e., the surfaces of TEPA-NCMs were covered with amine groups (-NH-and -NH2). Under acidic conditions, amine groups were easier to be protonated (-NH3 + ), as shown in Eq. (7). On the other hand, phosphate existed in the forms of H3PO4, H2PO4 -, HPO4 2-and PO4 3- , depending on the solution pH (pK1 = 2.15, pK2 = 7.20, and pK3 = 12.33). 2, 8 With an increase of pH, ranging from 1.5 to 2.5, the TEPA-NCMs surface carried a more positive charge, and thus would more significantly attract the negatively charged monovalent H2PO4 ions in solution, which indicated that the physicochemical adsorption due to electrostatic attraction was the predominant process of phosphate removal, as described by Eq. (8) . When the pH of the solution increased, the surface became negatively charged, and the adsorption amounts for phosphate decreased because negatively charged surface sites on the adsorbent unfavored the phosphate due to electrostatic repulsion. A similar pH dependence of the anion adsorption of HCrO4 -has generally been observed in our previous work. 
Adsorption amounts
The experiment was conducted from 50 to 800 mg L -1 , the result of which is shown in Fig. 4 . The adsorption amounts of phosphate on TEPA-NCMs increased from 39.5 to 196.7 mg g -1 with increasing the initial concentration from 50 to 800 mg L -1 , reaching a plateau when the initial concentration of phosphate was above 450 mg L -1 . The experimental data correlated well with the Langmuir adsorption model. The qm and K values calculated were 200 mg g -1 and 0.0564 L mg -1 , respectively.
The effect of the contacting time
The effect of the contacting time is illustrated in Fig. 5 . The initial adsorption rates of different initial concentrations rapidly led to almost equilibrium levels, after which the phosphate adsorption rates were almost linear, and gradually reached a steady rate within 30 min. Pseudo-first-order and pseudosecond-order models were used to describe the adsorption kinetic data. As shown in Table 1 , respectively. This indicated that the experimental data were well-fitted with the pseudo-second-order kinetic model, as well. Unlike some of the references reported, that the pseudo-second-order kinetic model was usually applicable to the adsorption of divalent ions on the adsorbent, 36, 37 our present findings have shown that the pseudo-second-order model would also be applicable to the adsorption of monovalent ions on the adsorbent, which were constant with the cases found in HCrO4 -, F -, as well as H2PO4 -in the literature. 34, 35, 38, 39 The rate constants (k2) of the pseudo-second-order equation decreased with increasing initial concentration of phosphate, which indicated that phosphate adsorption may be more favorable at low concentrations. 39 
Effect of the concentration of desorbing agent
The concentrations of a NaOH solution, in the range of 0.02 -0.5 mol L -1 , were varied for testing the desorption of phosphate from TEPA-NCMs. As shown in Fig. 6 , a basic condition was effective for desorption, and at a concentration of 0.1 mol L -1 ; the desorption efficiency reached to the maximum value with desorption percentage at 91.5%. Therefore, a concentration of 0.1 mol L -1 for the NaOH solution was selected for further studies.
Method validation and water sample analysis
In order to evaluate the sensitivity, precision and repeatability of this method, three kinds of water samples and spiked samples at phosphate concentrations of 2.00, 10.0 or 50.0 μg L -1 were tested. The samples were filtered via 0.45 μm filters, and adjusted to pH 2.5 before analysis. The samples were determined using the traditional spectrophotometric method and the proposed dSPE method; the results are summarized in Table 2 . The recoveries were in the range of 98 -118% at 2.00 μg L -1 , ; pH, 2.5; T, 308 K.
94 -110% at 10.0 μg L -1 , and 91 -118% at 50.0 μg L -1 . The precision was expressed as the relative standard deviation (RSD). The RSD values obtained were lower than 8.0% at all levels. The LOD and LOQ were calculated to be 0.29 and 0.96 μg L -1 , respectively, which were much lower compared with the National Standard of China (GB/T 6913-2008). In order to assess the accuracy of the proposed method, the phosphate concentrations at three different levels in a certified reference material (GBW08623) were determined. The results are listed in Table 3 , which shows that the proposed method had high recovery and sensitivity, and could satisfy the determination of phosphate at the μg L -1 level.
Comparison with other preconcentration methods
Comparisons of the proposed method with literature reported methods 7, [40] [41] [42] [43] [44] [45] [46] [47] [48] for preconcentration and spectrophotometric determinations of phosphate are summarized in Table 4 . The results show that the LOD values of the proposed method were lower than most of the literature reported methods, except for the ion-imprinted polymer, 40 the MaGnesium Induced Coprecipitation (MAGIC) method, 43 and flow injection analysis methods. 44 The contacting time for adsorption was short. The adsorption amounts were more than 17 times, even 1000-times higher than those reported in the literature. 40, 47 The TEPA-NCMs had great potential for the preconcentration of low-level phosphate.
Conclusions
In this study, TEPA-functionalized nano-composite materials (TEPA-NCMs) were synthesized and used as adsorbents in the dispersive solid phase extraction (dSPE) method for phosphate determination by spectrophotometry. The TEPA-NCMs showed high adsorption amounts, fast kinetics and satisfactory recovery for phosphate, and were successfully applied to the extraction of phosphate from real water samples at low levels. Compared with other preconcentration methods, it showed high precision, providing LOD and LOQ at the μg L -1 level, and saved labor, money and solvents. The combination of dSPE and spectrophotometry was a suitable methodology in the analysis of trace phosphate.
